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Introduction
Chronic obstructive pulmonary disease (COPD) is present in approximately one-third of all congestive heart failure (CHF) patients, and is a key cause of underprescription and underdosing of β-blockers, owing largely to concerns about precipitating respiratory deterioration in these patients. [1] [2] [3] [4] Despite increasing evidence that β-blockers are safe and could be beneficial in patients with COPD, most large-scale CHF trials exclude patients with COPD. 5 The National Institute for Health and Care Excellence and European Society of Cardiology guidelines state that COPD is not a contraindication to the use of β-blockers, and mild deterioration in pulmonary function and symptoms should not result in prompt discontinuation. Low-dose initiation and gradual uptitration is recommended. 6, 7 In addition, some studies have suggested differences in the pulmonary effects between cardioselective and non-cardioselective β-blockers, but the results of these studies are not fully conclusive. [8] [9] [10] [11] [12] [13] Of the β-blocker class of drugs, carvedilol is a non-selective β-adrenergic receptor (AR) blocker that also blocks α1-AR signaling and that has been shown to improve the state of HF patients in many studies. [14] [15] [16] [17] [18] However, some patients are not able to continue or uptitrate the drug because of various adverse symptoms and signs, which seem to be mainly related to the β2-AR blocking effect. On the other hand, bisoprolol, a highly selective β1-AR blocker, has also been shown to be effective for HF patients in several studies. [19] [20] [21] Although it has been reported that cardioprotective β-blockers do not worsen the pulmonary function in CHF patients with COPD, the impact of β-blocker selectivity on the long-term outcomes has not yet been well evaluated in these patients. In a sub-analysis of the OPTIMIZE-HF study, patients receiving non-cardioselective β-blockers were found to have a lower event rate compared to patients receiving cardioselective β-blockers. 22 Thus, taking this into consideration, the aim of the present study was to evaluate the impact of β-blockers on the long-term outcomes in HF patients with COPD. In addition, we also compared the effects of carvedilol and bisoprolol in this patient population.
Materials and methods study design
This study was a retrospective, non-randomized, single center trial based on data collected over a 48-month period (January 1, 2009 to December 31, 2012) from 212 consecutive acute decompensated HF patients with COPD who were admitted to our hospital with HF categorized as New York Heart Association Class 3 or 4. Patients with acute coronary syndromes (n=34), including acute myocardial infarction, or with end-stage renal disease that required dialysis therapy (n=14) as well as patients who did not finish the treatment course after discharge (n=32) were excluded from the study. The diagnosis of HF was made on the basis of the criteria recommended in the Framingham Heart Study. 23 The diagnosis of COPD was made on the basis of the global initiative for chronic obstructive lung disease criteria. 24 At the time of registration, the COPD of all patients was in the stable phase. Finally, of the identified 212 patients, 132 met all inclusion criteria and were enrolled in this study.
The patients were divided into two groups according to the agents administered after admission and followed-up for a mean period of 33.9 months. The first group was treated without any β-blockers (non-β-blocker group, n=46), whereas the second group was administered β-blockers before discharge (β-blocker group, n=86; carvedilol [n=52] or bisoprolol [n=34]). After discharge, the patients continued treatment with either carvedilol or bisoprolol, with the dose being carefully increased to tolerance. The subjects were followed-up at intervals of 1-2 months in the outpatient department of our hospital from January 2009 through December 2013. The patients' health status was checked during each follow-up, and was recorded using electronic clinical records; furthermore, all-cause death and hospitalization due to CHF and/or COPD exacerbation were also verified using these electronic clinical records.
This retrospective study was conducted using data from a large university hospital. The protocol used complies with the Declaration of Helsinki and was approved by our Institutional Ethics Committee, which waived the need for patient consent because of the retrospective nature of the study.
relevant factors
The heart rate (HR) and systolic blood pressure (SBP) were measured at rest, simultaneously with the electrocardiogram measurements. Height and weight were measured at the time of discharge, and the body mass index (kg/m 2 ) was calculated as an index of obesity. Hypertension was defined as an SBP of 140 mmHg or greater, a diastolic blood pressure of 90 mmHg or greater, or the current use of antihypertensive agents. Chronic kidney disease was defined as a glomerular filtration rate (GFR) #60 mL/min/1.73 m 2 . The GFR was estimated using the simplified prediction equation derived from the Modification of Diet in a Renal Disease study. 25 During each echocardiographic study, the left ventricular ejection fraction (LVEF) was calculated using the modified Simpson's method. The tricuspid regurgitation velocity was obtained by continuous wave Doppler from the right ventricular inflow or the apical four-chamber view position. The tricuspid regurgitation pressure gradient (TRPG) was calculated as follows: TRPG =4× tricuspid regurgitation velocity. 2 Clinical data were obtained just prior to discharge when the hemodynamic conditions of the patients had stabilized. Twelve months after the treatment initiation, all parameters were re-measured and compared with the initial data.
The primary endpoint was the differences in all-cause mortality between the β-blocker use and non-use groups during the mean clinical follow-up of 33.9 months. The secondary endpoints were the differences in composite events, including the all-cause mortality and hospitalization rates for 
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statistical analysis
The SPSS software package Version 20.0 (IBM Corporation, Armonk, NY, USA) was used for the statistical analyses. All continuous values are expressed as means ± standard deviations, and data of categorical variables are expressed as the number and percentage of patients. Survival and cardiac event-free curves were created using the Kaplan-Meier method, and differences in the survival and cardiac event-free rates among the groups were analyzed using the log-rank test. The relative risks in each group were calculated using Cox regression analyses, and P-values of less than 0.05 were considered statistically significant.
Results
We divided the patients into two groups according to whether a β-blocker was prescribed at discharge or not (β-blocker group, n=86; non-β-blocker group, n=46). The baseline characteristics of the patients are shown in Table 1 . There were no significant differences between the two groups in terms of age, sex, prevalence of hypertension, atrial fibrillation, chronic kidney disease or ischemic heart disease, brain natriuretic peptide (BNP) levels, forced expiratory volume in 1 second (FEV 1 ), or medical treatment at the time of discharge. However, patients not receiving β-blockers had a significantly higher HR at the 1-year follow-up compared with patients receiving β-blockers. In the β-blocker group, 52 patients (60.5%; mean dose: 6.69 mg/day) received carvedilol at discharge, whereas 34 patients (39.5%; mean dose: 2.96 mg/ day) received bisoprolol. Regarding the different β-blockers, the clinical characteristics, excluding the HR and LVEF, did not significantly differ between the carvedilol and bisoprolol groups (Table 1 ). Higher HR and ejection fraction (EF) were observed in the patients receiving bisoprolol. The mean baseline FEV 1 values were 1.70 L and 1.52 L in patients receiving carvedilol and bisoprolol, respectively (P=0.344).
Clinical outcomes
During the mean follow-up period of 33.9 months, the primary endpoint event (all-cause mortality) occurred in 9 patients (10.5%) in the β-blocker group and 12 patients (26.1%) in the non-β-blocker group (log-rank P=0.039) ( Figure 1 ). β-blocker therapy significantly reduced the risk of all-cause death in the univariate analysis (unadjusted hazard ratio [HR]: 0.41; 95% confidence interval [CI]: 0.17-0.99; P=0.047) ( Table 2 ). However, no significant association was observed between β-blocker use and all-cause mortality in the multivariate analysis ( Table 2) . Evaluation of the causes of death revealed that in the non-β-blocker group, six, three, two, and one patients died of infection-unrelated COPD exacerbation, COPD exacerbation, sudden cardiac death, and acute HF, respectively. In the β-blocker group, Table 3) . Table 4 presents the values of SBP, HR, LVEF, TRPG, BNP levels, and estimated GFR at baseline and at the 1-year follow-up. The 1-year changes in SBP, LVEF, TRPG, BNP levels, and estimated GFR were not significantly different between the two groups. However, the decrease in HR was greater in the bisoprolol group than in the carvedilol group.
Discussion
In the present study, we examined the effects of β-blockers in patients with HF and COPD. Approximately, 70% of the HF patients with COPD had received β-blockers, and these 26.1% Figure 1 Cumulative incidence of all-cause death. Note: During the mean follow-up period of 33.9 months, the mortality was higher in heart failure and COPD patients treated without vs with β-blockers (log-rank P=0.039). Abbreviation: COPD, chronic obstructive pulmonary disease.
three, two, two, and two patients died of infection-unrelated COPD exacerbation, COPD exacerbation, sudden cardiac death, and acute HF, respectively. The percentages of each cause of death did not significantly differ between the two treatment groups.
The secondary endpoint events occurred in 35 patients (67.3%) in the carvedilol group and 9 patients (26.5%) in the bisoprolol group (log-rank P=0.112) (Figure 2 ). CHF and/or COPD exacerbation occurred in 29 patients (55.8%) in the carvedilol group and 6 patients (17.6%) in the bisoprolol group (log-rank P=0.033) (Figure 3) . The rate of all-cause death did not significantly differ between the two groups (11.5% vs 8.8% in the carvedilol vs bisoprolol groups, data not shown). Univariate Cox regression analysis revealed that bisoprolol significantly reduced the risk of re-hospitalization due to CHF and/or COPD exacerbation (unadjusted HR: 0.38; 95% CI: 0.15-0.98; P=0.046) but carvedilol did not (Table 3) . In the multivariate analysis, only a past history of COPD 
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Impact of β-blocker selectivity on ChF patients with COPD Abbreviations: HR, hazard ratio; COPD, chronic obstructive pulmonary disease; CHF, congestive heart failure; CI, confidence interval; BMI, body mass index; BnP, brain natriuretic peptide; eF, ejection fraction; aCe-I, angiotensin I converting enzyme inhibitor; arB, angiotensin II receptor blocker; gOlD, global initiative for chronic obstructive lung disease.
were found to significantly reduce the all-cause mortality. Moreover, the baseline HR and EF before β-blocker administration were found to be higher in patients receiving bisoprolol compared with patients receiving carvedilol, whereas re-hospitalization due to CHF and/or COPD exacerbation occurred less frequently in patients receiving bisoprolol compared to patients receiving carvedilol. Up to one-third of all deaths in patients with COPD can be attributable to cardiovascular disease, and, for every 10%-decrease in the FEV 1 , the risk of cardiovascular mortality reportedly increases by 28%. [26] [27] [28] The mechanistic links between COPD and cardiovascular disease are complex, multifactorial, and not entirely understood. Hyperinflation and increased falls in the intrathoracic pressure might compromise the ventricular preload and afterload, consequently leading to left ventricular dysfunction and acute heart failure. As most of these factors occur concurrently at the moment of acute exacerbation, these episodes are often associated with major cardiovascular events and high mortality. 29 Despite increasing evidence that β-blockers are safe 30, 31 and can be beneficial in patients with COPD, their use continues to be limited in this group. This is a worldwide phenomenon 32 and might be related to historical concerns that β-blockers could be harmful in patients with COPD, for example, by inducing bronchospasm. Such concerns, however, have been challenged by recent evidence, 33 with several recent studies having advanced arguments in support of the use of β-blockers for COPD patients. [34] [35] [36] [37] [38] One of these studies showed that β-blockers might reduce the risk of mortality and exacerbations in patients with COPD. 34 Similarly, a systematic review and meta-analysis of nine retrospective cohort studies reported a reduction in COPD-related mortality of 31% after β-blocker use, 39 and yet another study clearly showed the safety of β-blockers during COPD exacerbations. 32 Moreover, the use of β-blockers when started either at the time of hospital admission for myocardial infarction or before a myocardial infarction has been demonstrated to be associated with improved survival after myocardial infarction in patients with COPD. 40 In our study, similar to in these previous reports, β-blocker use was found to be associated with lower mortality compared to non-β-blocker use in CHF patients with COPD. Receiving β-blockers decreases the mortality rate through lowering the HR and through their sympatholytic effects, 41 and β-blockers might benefit patients with HF and COPD, not only because of their effect on the CHF but also because they can affect the course of the COPD itself.
Regarding the different types of β-blockers, we here compared carvedilol, a typical non-selective β-adrenergic, and α1-AR blocker with bisoprolol, a typical highly selec tive β1-AR blocker, in order to determine which β-blocker is more appropriate for HF and COPD patients, a question that remains controversial. Bisoprolol is highly β1-selective, providing a wide split between the β1-and β2-adrenocepter blockades. 42, 43 Further, bisoprolol has recently been shown to be safe in patients with COPD. In a Cochrane database analysis, cardioselective β-blockers were demonstrated to not adversely affect the FEV 1 , respiratory symptoms, or the response of FEV 1 to β2 agonists. 44 Conversely, it has been reported that carvedilol may aggravate pulmonary complications through blocking of the β2 receptors, and its effects markedly differ between individuals due to different genetic polymorphisms, as compared with bisoprolol. [45] [46] [47] Accordingly, switching from carvedilol to bisoprolol may provide beneficial effects with regard to the prognosis and/or reverse remodeling in patients who experience difficulty with the continuation or uptitration of carvedilol due to adverse effects such as dizziness or hypotension. 48, 49 Several studies have shown that the mortality benefits of carvedilol and other β-blockers are dose dependent, 14, 18, 50 and the dose of carvedilol is moreover considered important for the management of cardiac sympathetic nerve activity. 51 Cardioselective β-blockers are also dose dependent, 5 and it is also recommended to use β-blockers that are more selective for the β1-AR but without intrinsic sympathomimetic activity at the lowest dose and to titrate them slowly, while paying close attention to lung function and symptoms. 52 The doses of the two β-blockers used in our study were lower than the doses commonly used in many large-scale trials. However, trials on Japanese patients with HF have indicated that the BP and HR can be adequately decreased with the use of low doses of carvedilol and bisoprolol. 18, 53 These differences in the doses administered to Japanese patients and patients of other nationalities may be related to the pharmacological heterogeneity of β-blockers.
Furthermore, bisoprolol is less likely to cause bronchospasm compared to non-selective β-blockers, 9 and the risk of bronchospasm can be further reduced by starting the β-blockers at a lower dose and slowly titrating up. In our study, the reduction in HR was more prominent in the bisoprolol group than in the carvedilol group at the 1-year follow-up. This result suggests that bisoprolol has a greater ability to suppress the HR of patients with HF and COPD than carvedilol, as the former is a highly selective β1-AR blocker. In addition, treatment with bisoprolol was also associated with a significantly reduced risk of rehospitalization due to CHF and/or COPD exacerbation. On the other hand, in the sub-analysis of the OPTIMIZE-HF study, patients receiving non-cardioselective β-blockers had a lower event rate compared to patients receiving cardioselective β-blockers. 22 However, it should be noted that, compared to the OPTIMIZE-HF study, the sample size and number of events of this study were relatively small, and rehospitalization due to COPD exacerbation was also included in the analyzed events, owning to difficulty in distinguishing CHF from COPD exacerbation. Furthermore, only bisoprolol was used as the cardioselective β-blocker in this study, whereas several different selective β-blockers were used in the OPTIMIZE-HF study.
Further, our results suggested that low doses of bisoprolol could also reduce the all-cause mortality in patients with HF and COPD, and it was moreover found to be associated with a significantly reduced risk of re-hospitalization due to CHF and/or COPD exacerbation compared with carvedilol. However, further prospective randomized controlled studies are needed to confirm our results and before initiation of β-blocker therapy to achieve a mortality benefit in COPD patients can be widely recommended.
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Study limitations
The main limitations of the present study were the relatively small number of enrolled patients and the retrospective study design. Moreover, the β-blockers were prescribed at discharge for the β-blocker group; at this time, the use of β-blockers was left at the discretion of the treating physicians. Therefore, the beneficial effects of the β-blockers in the present study can only be attributable to the time period of discharge, and we could not exclude the possibility that the addition and selection of the two β-blockers were made on the basis of the clinical status of the patients. The baseline EF was higher in patients receiving bisoprolol compared with patients receiving carvedilol; however, the EF did not significantly correlate with the incidence of CHF or COPD exacerbation in our study. Lastly, regarding the two β-blockers used in this study, different doses were prescribed, given that the equivalent dose of bisoprolol is only one-fifth that of carvedilol. 54, 55 Although most confounders were included in the multivariate regression analysis, it is nonetheless possible that some potential bias exists, and large-scale, prospective randomized controlled trials are needed in the future to clarify the effects of β-blockers in patients with HF and COPD.
Conclusion
Our findings support the recommendations to use β-blockers in HF patients with COPD. The use of a selective β-blocker reduced the incidence of CHF and/or COPD exacerbation compared with non-selective β-blocker use in the univariate analyses in the present study; however, after controlling for other variables, the effect of β-blockers ceased to be significant. Further studies with longer duration and larger numbers of HF and COPD patients are needed to confirm whether there are any differences between the effects of the two types of β-blockers on HF and COPD improvement.
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